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SECTION 1

INTRODUCTION

1.1 PURPOSE OF REPORT

A feasibility study (FS) was conducted for the Industrial Wastewater Treatment
Plant/Soldier Creek Off-Base Groundwater Operable Units (hereafter referred to as the
IWTP/SCOBGW OUs) at Tinker Air Force Base (AFB), Oklahoma. This report presents
the review of the alternatives investigated to remediate those portions of the
IWTP/SCOBGW OUs which pose an unacceptable risk to human health or the
environment. This work was performed by Parsons Engineering Science (Parsons ES)
under contract to the Oklahoma City Air Logistics Center (OC-ALC) at Tinker AFB,
Oklahoma. This report is a product of the Air Force Installation Restoration Program
(IRP).

1.2 REGULATORY BASIS

The Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980 as amended by the Superfund Amendments and Reauthorization Act
(SARA) of 1986 established the Defense Environmental Restoration Program (DERP) for
the U.S. Department of Defense (DOD) to clean up past hazardous waste disposal and
spill sites nationwide. In 1980, the United States Air Force (USAF) began implementing
the DOD IRP. The IRP is designed to identify and evaluate suspected problems
associated with past hazardous waste management practices, and to control hazards to
human health and the environment resulting from past operations.

Section 105 of SARA mandates that procedures for undertaking response actions
follow the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) as
promulgated by the U.S. Environmental Protection Agency (EPA). To be consistent with
SARA, the USAF (1989) decided that all future work will follow EPA guidance for
conducting remedial investigations and feasibility studies (RI/FS) (EPA, 1988c). The
objectives of the RI efforts are to acquire data to confirm and quantify environmental
contamination. These data are used to support follow-up activities, if required, and
subsequent remediation. The RI may require several stages to adequately define a site
and produce data for the FS.
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Tinker AFB, U.S. EPA Region VI, and the Oklahoma State Department of Health
(OSDH) signed a Federal Facilities Agreement (FFA) (Administrative Docket Number
NPL-U3-2-27) under CERCLA in December 1988. The intent of this agreement is to
ensure that past and present activities at Building 3001 and Soldier Creek National
Priorities List (NPL) site are thoroughly investigated and appropriately remediated to
protect the public health, welfare, and the environment. The FFA also establishes
requirements for the performance of the RI/FS in accordance with CERCLA.

1.3 PROJECT AUTHORIZATION

Parsons ES was contracted by OC-ALC to perform a feasibility study at the
IWTP/SCOBGW OUs under contract number F34650-93-D-0106, delivery order number
5001. Work performed for delivery order 5001 is defined in the statement of work
(SOW). Notice for Parsons ES to proceed with work defined in the SOW was issued on
August 25, 1993. During the course of the project, the scope of work has been revised to
meet data and regulatory needs.

1.4  OBJECTIVES AND SCOPE

The focus of this FS is remediation of groundwater contamination in the northeast
quadrant of Tinker AFB and privately-owned lands to the north and east of the base.
Building 3001, the industrial wastewater treatment plant IWTP), and East Soldier Creek
are located in the northeast portion of the base and have all been identified as possible
sources of groundwater contamination in the area. The purpose of this FS is to review
potentially applicable treatment technologies and recommend a remediation program.

A remedial investigation was performed to provide a detailed conceptual model of
the geology, hydrogeology, and hydrology of the area. In addition, the nature and extent
of groundwater contamination were characterized. The results of the investigation are
documented in the Remedial Investigation Report (Parsons ES, 1998). Based upon the
results of the remedial investigation, a risk assessment was performed (Parsons ES,
2000). The results of this baseline risk assessment are described in Section 2.

1.5 REPORT ORGANIZATION

This report describes findings and conclusions of the FS. The baseline risk
assessment, which describes receptors and assesses the potential for contaminant
migration to potential exposure points and the receptors, is being submitted as a separate
report (Parsons ES, 2000).
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Section 1 of this report is the introduction describing the purpose of this report, the

regulatory basis for the study, the contract authorization, and the objectives and scope of
work.

Section 2 describes the background and environmental settings of Tinker AFB. This
section also summarizes results of previous investigations and provides a brief
description of current studies.

Section 3 presents the applicable or relevant and appropriate requirements (ARARs)
and develops the remedial action objectives (RAOs), the preliminary remediation goals
(PRGs), and the alternate concentration limits (ACLSs).

Section 4 presents the preliminary screening of treatment technologies. Alternatives
are developed and screened in Section 5. Section 6 provides a detailed evaluation of
alternatives, and Section 7 presents conclusions and recommendations.
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SECTION 2

ENVIRONMENTAL SETTING AND SITE HISTORY

Information regarding environmental setting and site history relevant to the
feasibility study is presented in this section. Previous investigations (Parsons ES, 1998)
have identified contaminants of concern, plume locations and sizes, and physical
characteristics of the water-bearing zones underlying the base. These data on the
physical and chemical characteristics of the plume are used in the FS to determine
feasible treatment options. Information presented in the draft IWTP/SCOBGW OUs risk
assessment (Parsons ES, 2000) identifying contaminants contributing to human health
and risk exposure pathways is used to determine preliminary remediation goals (PRGs) in
the FS. Thus, this section provides a summary of the information used in determining
cleanup criteria and feasible treatment technologies.

2.1 INSTALLATION AND SITE DESCRIPTION

This section presents a summary of the environmental setting and site history of
Tinker AFB. An extensive description of the investigations at Tinker AFB can be found
in the Remedial Investigation Report (Parsons ES, 1998).

Tinker AFB is a U.S. Air Force (USAF) installation located in Oklahoma County in
central Oklahoma, approximately 8 miles southeast of downtown Oklahoma City.
Figure 2.1 shows the location of Tinker AFB. The base comprises 5,277 acres and is
bounded by Interstate 40 to the north, Douglas Boulevard to the east, Southeast 74th
Street to the south, and Sooner Road to the west. The base is in the southeast portion of
the Oklahoma City metropolitan complex, surrounded by Midwest City on the north,
Del City on the northwest, and Oklahoma City on the east, south, and southwest.
Oklahoma City is also north of Midwest City and Del City, which are heavily populated
commercial and residential districts.

The base is located in the Great Plains where the climate is temperate and
precipitation averages 33.8 inches per year. Winds in the Oklahoma City area are
variable, prevailing from the south-southeast at an average wind speed of 12.4 miles per
hour. The average temperature is 60.1 degrees Fahrenheit.
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Area topography is characterized by gently rolling hills, broad flat plains, and well
entrenched streams. The IWTP/SCOBGW OUs lie within the conceptual model area
which occupies approximately 960 acres of relatively flat uplands dissected by Soldier
Creek and its tributaries. Boundaries of the conceptual model area, the IWTP/SCOBGW
OUs, and area included in the risk assessment are shown on Figure2.2. The
IWTP/SCOBGW OUs underlie an area bounded by East Soldier Creek on the east and
southeast, West Soldier Creek (and its tributaries) on the west, Interstate 40 on the north,
and Southeast 44th Street on the south of Building 3001. The conceptual model area
extends north, east, and west of the IWTP/SCOBGW Ous; the north boundary is at the
confluence of main Soldier Creek and West Soldier Creek; the east boundary is at the
confluence of main Soldier Creek and East Soldier Creek; and the west boundary
parallels the east edge of the main runway at Tinker AFB. Soldier Creek and its
tributaries receive surface runoff or discharge from approximately 9,000 acres above its
confluence with Crutcho Creek, which includes the Building 3001 complex, the IWTP,
and the eastern-most runway areas.

2.2 CURRENT AND HISTORICAL EVIDENCE OF
CONTAMINATION

2.2.1 Building 3001

The Building 3001/Soldier Creek NPL site is located near the northeast boundary of
the base, covering approximately 220 acres. Building 3001 includes the building
complex, the North Tank Area (NTA), Pit Q-51, and surrounding areas encompassed by
the lateral extent of a contaminant plume originating from Building 3001. Since building
operations began in the 1940s, industrial activities primarily included aircraft and jet
engine service, repair, and overhaul. Organic solvents were used to clean and degrease
metal engine parts. Trichloroethene (TCE) was the predominant solvent used from the
1940s to the 1970s. Tetrachloroethene (PCE) was used in the 1970s. Wastewater from
plating and paint-stripping operations contained solvents; wastewater from heat-treating
activities contained solvents and metals. Subsurface contamination occurred primarily by
leakage from pits and trenches, improper discharge to storm drains, accidental spills,
and/or improper connections between wastewater and storm drains. At the NTA, soil and
groundwater contamination occurred due to leaking tanks and/or possible spills. Leaking
utility lines in the area may have also contaminated groundwater with organic solvents
and metals. Pit Q-51 also contained hazardous contaminants. TCE and chromium are
considered the primary groundwater contaminants at the Building 3001 site. Other
significant contaminants included dichloroethene (DCE), PCE, acetone, toluene, benzene,
xylenes, barium, lead, and nickel.
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Extensive investigations were conducted to determine the nature and extent of
contamination in and around the Building 3001 complex. The RI report (Parsons ES,
1998) provides a review of these investigations. Remarks on a few of these
investigations are included below.

The Building 3001 site was added to the NPL in 1987. A record of decision (ROD)
was signed in August 1990 which included provisions for a groundwater treatment
system (USACE, 1990). The treatment system was installed and includes thirty-three
extraction and containment wells (five horizontal wells and twenty-eight vertical wells).
The horizontal wells are primarily for extraction of contamination below Building 3001;
the vertical wells are located around the building and are primarily for containment of
contamination. The recovery system began intermittent pumping in February 1993 and
continuous pumping in June 1994,

A public health assessment for the Building 3001/Soldier Creek site was released in
1995 by the Agency for Toxic Substances and Disease Registry (ATSDR, 1995). Results
of the assessment showed that fifteen of approximately 180 wells (private wells north and
east of the base) had concentrations of contaminants above health guidelines.
Concentrations of TCE, PCE, and 1,2-dichloroethane (1,2-DCA) were determined to be
of public health concern. Most of the contaminated wells have been removed from
service. Several potential sources of groundwater contamination were identified in the
ATSDR report, including Tinker AFB; gasoline/petroleum releases from underground
storage tank (UST) sites located near the Evergreen Mobile Home Park, and at the
intersection of Douglas Boulevard and S.E. 29th Street; a paint shop; a salvage yard; and
a vacant lot which contained dumped materials (ATSDR, 1995).

2.2.2 Soldier Creek

The Soldier Creek site includes the main stem of Soldier Creek from its headwaters
downstream, its tributaries (East and West Soldier Creeks and tributaries A and B), and
any area underlying or adjacent to the waterway that may be contaminated as a result of
migration of hazardous substances, pollutants, or contaminants from Tinker AFB (EPA,
1988). These areas are shown on Figure 2.2. West Soldier Creek is the tributary that
originates on the west side of Building 3001 and flows northward to its confluence with
main Soldier Creek, approximately 2 miles downstream. East Soldier Creek is the
tributary which originates just to the north of Building 3705, flows northward along the
east side of Building 3001, and joins main Soldier Creek approximately 1 mile
downstream.
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Previous investigations for the Soldier Creek site are reviewed in the RI report
(Parsons ES, 1998). Several investigations relevant to the risk assessment are
summarized below. The site was added to the NPL in 1987. In 1990, an RI and risk
assessment were performed (B&V, 1993a; 1993b). Exposure to volatile organic
compounds, semivolatile organic compounds, and metals in East and West Soldier
Creeks sediment and surface water was not found to pose a human health threat.

The ATSDR (1995) public health assessment for the Building 3001/Soldier Creek
sites was also reviewed in the RI. In addition to the results of the groundwater
assessment (discussed above in Section 2.2.1), ATSDR reported that no chemicals were
found above health criteria levels in samples of surface water and sediment from main
Soldier Creek, but several contaminants in surface water and/or sediment samples
collected from East and West Soldier Creeks were above comparison values (ATSDR,
1995). Typical compounds of concern included bromodichloromethane, TCE, polycyclic
aromatic hydrocarbons (PAHs), and inorganics (including arsenic, beryllium, cadmium,
chromium, and lead).

In September 1993, a ROD was signed (B&V, 1993c), which mandated a long-term
monitoring (LTM) program and an ecological investigation of the sediment and surface
water. The LTM program is currently underway. The Ecological Assessment has been
completed.

2.2.3 Industrial Wastewater Treatment Plant

The industrial wastewater treatment plant (IWTP) and the sanitary wastewater
treatment plant (SWTP) are located within the Tinker AFB Wastewater Treatment
Facility (WWTF) on 4 acres at the northeast corner of the base. The SWTP, constructed
in 1942 and 1943, treated sanitary wastewater from the east side of the north/south
runway, which included the Douglas Aircraft Plant. From 1963 to 1972, the SWTP
treated combined industrial and sanitary wastewaters; however, no industrial wastewater
has been treated at the SWTP since 1972. The IWTP was constructed in 1972 for
treating painting and stripping wastestreams; currently, the major sources of flow are
from maintenance processing and electroplating operations which generate wastewater
containing oil and grease, metals, and organics (e.g., methylene chloride and phenols).
Treated wastewaters from the IWTP and the SWTP were discharged into Soldier Creek
under a National Pollutant Discharge Elimination System (NPDES) permit until June
1996 when the base permanently diverted discharge to the Oklahoma City Wastewater
Collection System.

Following detection of several contaminants in groundwater near the site, especially
certain volatiles not characteristic of Building 3001 (vinyl chloride and chlorobenzene),
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the IWTP was investigated under several projects. These investigations are reviewed in
the RI report (Parsons ES, 1998). Other contaminants found in groundwater in the
investigations included 1,1-dichloroethane, DCE, PCE, TCE, 1,2-dichlorobenzene,
1,3-dichloropropane, methylene chloride, 1,1,1-trichloroethane, chromium, and lead.
A phase I Resource Conservation and Recovery Act (RCRA) facility investigation (RFI)
at the IWTP identified six solid waste management units (SWMUSs) from which releases
to the environment may have occurred (ES, 1994). The phase II RFI report (Parsons ES,
1996), identified two areas (blending tanks and the industrial sludge drying beds) where
surface and subsurface soil contamination may have leached and/or infiltrated to
groundwater. However, soil analytical results indicated only localized areas of surface
contamination, and only limited further action was recommended.

2.3 HYDROGEOLOGICAL FEATURES
2.3.1 Regional Hydrogeology

At Tinker AFB, three primary geologic units occur at the surface: the Hennessey
Shale, the Garber-Wellington Formation, and the Quaternary alluvium. The Hennessey
Shale crops out over the southern half of Tinker AFB and consists of reddish-brown shale
with beds of siltstone and silty sandstone. It is underlain by the Permian Garber
Sandstone and Wellington Formation which, due to their lithologic similarities, are
referred to as one unit (the “Garber-Wellington Formation™). This formation is approxi-
mately 900 feet thick in the area and consists of lenticular and interbedded sandstone,
shale, and siltstone. The Quaternary deposits are found overlying present-day stream
valleys and consist of unconsolidated weathered bedrock, fill material, wind-blown sand,
and interfingering lenses of sand, silt, clay, and gravel of fluvial origin.

Tinker AFB lies within the limits of the Garber-Wellington Groundwater Basin,
which is also referred to as the Central Oklahoma aquifer. This aquifer provides the most
significant source of potable groundwater in the Oklahoma City area. Tinker AFB and
the nearby communities of Midwest City and Del City derive a portion of their water
supply from the Central Oklahoma aquifer. The aquifer has been grouped as a Class IIA
aquifer by the State of Oklahoma (OAC 785: 45-7, Appendix A), indicating that it
provides groundwater from a major unconfined basin which is capable of being used as a
drinking water supply with little or no treatment.

Recharge of the Central Oklahoma aquifer is accomplished principally by rainfall
infiltration and percolation of surface waters crossing outcrop areas. Most of Tinker AFB
is situated in an aquifer outcrop area and, as such, is situated in a recharge zone. The
quality of groundwater derived from the aquifer is generally good, although wide
variation in the concentrations of some constituents (heavy metals, common anions,
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common cations, and radionuclides) are known to occur. The base water supply wells
were screened from approximately 200 feet to 750 feet below ground level (BGL).

2.3.2 Northeast Quadrant Hydrogeology

The Hennessey Shale is absent over most of the conceptual model area and was not
encountered in the investigations of the RI. The stratigraphy of the Garber-Wellington
Formation, specifically the lower saturated zone (LSZ), is discussed in more detail below.
Further information is provided in the RI report (Parsons ES, 1998) and the Groundwater
Flow and Solute Transport Modeling interim status report (Battelle, 1995).

The Central Oklahoma aquifer in the northeast quadrant is divided into three major
hydrostratigraphic units (HSUs) separated by two distinct shale units. The units have
been identified in the area based on stratigraphic correlations of shale beds within the
Garber-Wellington and on observed differences in hydraulic head between the primary
water-bearing zones separated by shales (Battelle, 1995; Parsons ES, 1998). The three
zones are the upper saturated zone (USZ), the lower saturated zone (LSZ), and the
production zone (PZ). Depth to water ranges from 15 to 30 feet in the USZ, 50 to 80 feet
in the LSZ, and 200 to 250 feet in the PZ. Previous investigations at Tinker AFB have
used different terminology to describe the regional hydrostratigraphy. The USZ was
previously designated as the “perched” aquifer; and the LSZ corresponds to the aquifers
previously referred to as the “top of regional aquifer” and the “regional aquifer.”

The USZ portion of the formation is the saturated zone above the upper shale and, at
the scale of the northeast quadrant, ranges in thickness from O feet (north and east of
Building 3001 in an area where the upper shale has been removed by erosion) to 67.6 feet
(along the southwest boundary of the Soldier Creek site). The LSZ consists of the
saturated interval between the upper and lower shale units. The sediments that comprise
the LSZ vary in thickness from approximately 88 to 179 feet, with an average thickness
of about 151 feet. In areas where the upper shale unit occurs, the entire column of LSZ
sediments is present and generally ranges in thickness from 130 to 170 feet. Beyond the
extent of the upper shale, much of the LSZ sediment has been removed by erosion which
has reduced the thickness of the sediments, especially along stream drainages. The PZ is
the saturated zone beneath the lower shale, ranging in thickness from 725 to 792 feet.
The base of the PZ is defined by the base of fresh groundwater.

The LSZ in the northeast quadrant is further divided into four predominantly sandy
aquifer zones separated by three intervening shaley horizons (Battelle, 1995). The four
aquifer zones are designated as layers 3, 5, 7, and 9. The shaley horizons are designated
as layers 4, 6, and 8. Due to the interfingering and discontinuous nature of the shale
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layers, each layer consists of numerous shale lenses, and each serves as a leaky confining
unit for the adjacent aquifer zones.

Water table/potentiometric surface maps for each aquifer zone within the conceptual
mode] area were developed using monthly water level data collected during March 1994
through June 1995 (Battelle, 1995). The maps were used to determine the potential for
groundwater flow and contaminant migration pathways from on-base sources. Results of
the groundwater flow and migration pathway evaluation (exposure pathways) are
presented in the following sections.

24 CONCEPTUAL HYDROLOGIC MODEL

The conceptual hydrologic model was used to guide the selection of data to be
included in the baseline human health and environmental risk assessment. The
conceptual model was developed through the integration of data collected in support of
the RI (Parsons ES, 1998) and the Building 3001 groundwater flow and solute transport
modeling activities (Battelle, 1995). The groundwater flow modeling report provides
a detailed discussion of the conceptual model for the northeast quadrant of Tinker AFB
and for adjacent off-base areas.

The conceptual model area is shown in Figure 2.2. The area encompasses property
that lies within the boundary of Tinker AFB and off-base property that lies north of the
base along Douglas Boulevard. The rationale for delineating the conceptual model area
were as follows: (1) the reaches of Soldier Creek within the conceptual model area were
the most likely to interact with groundwater associated with the Operable Units; (2) the
conceptual model area would account for the region surrounding the focus study area for
purposes of geologic and hydrologic extrapolations; and (3) if contamination was found,
the source of the contamination could be evaluated in terms of whether Building 3001,
Soldier Creek, the IWTP, or off-base source(s) were responsible.

During the IWTP/SCOBGW OUs RI, groundwater samples were collected from
164 wells on and off base in the conceptual model area. These wells included 152
base-owned monitoring wells and 12 privately-owned domestic wells. The base-owned
wells included 131 existing wells installed during previous investigations and 21 new
wells installed during the RI (Parsons ES, 1998). The well locations for the RI/FS are
shown in Figure 2.3.

Monitoring wells were typically grouped into clusters of three wells with screening
intervals set at depths of approximately 50, 100, and 150 feet BGL. Typically, within the
areal extent of the USZ, new well clusters had one screen set in the USZ and two screens
set in the LSZ. New well clusters installed outside the areal extent of the USZ had
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screens set at three different levels within the LSZ. Several well clusters consisted of
four wells, with the fourth well screened in either the LSZ or the PZ. The
well-numbering system included the well cluster location number (e.g., Tinker off-base
well 6, TOB-6), followed by references to the various screening depths for each well in
the cluster (e.g., TOB-6A, B, C).

2.5 GROUNDWATER FLOW AND MIGRATION PATHWAY
ANALYSIS

2.5.1 Upper Saturated Zone Flow

The USZ is a shallow water table aquifer which occurs primarily within the
boundaries of Tinker AFB, but extends across the northeastern boundary into the Kimsey
Addition and north to Interstate 40 within the conceptual model area. The Kimsey
Addition is located north of Building 3001 and the IWTP, and consists of approximately
one hundred private residences. Residences located within a portion of the Kimsey
Addition were purchased by Tinker AFB in 1990 are no longer in existence. They were
demolished and replaced with Tinker buildings. The extent of the USZ is shown in
Figure 2.4.

Within the USZ, a groundwater mound occurs between Building 3001 and the
Kimsey Addition. Radial flow emanates in several directions from the mound. For most
areas, USZ groundwater flows to the west-southwest. East of Building 3001,
groundwater flows to the east towards the margin of the USZ.

2.5.2 Lower Saturated Zone Flow

Within the conceptual model area, the LSZ thins to the north and east going updip
towards Soldier Creek. The most prominent features of the LSZ (layers 3, 5, 7, and 9)
are groundwater flow divides that generally trend northwest-southeast and appear to be
associated with the margin of the USZ. The locations of the groundwater flow divides
for layers 3, 5, 7, and 9 are shown in Figures 2.5, 2.6, 2.7, and 2.8, respectively. These
locations were based on data collected in June 1995. The locations of all of the divides
are shown in Figure 2.9.

The IWTP area occurs primarily within the outcrop of the LSZ. The divide in
layer 3 (see Figure 2.5) closely follows the USZ margin until reaching the IWTP area.
This suggests the USZ margin west of the IWTP area is more permeable and is allowing
the movement of more USZ groundwater down to the LSZ than the eastern margin of the
USZ. With increasing depth in the LSZ, the locations of the divides shift north or south,
but remain fairly constant within a given layer.
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Within each LSZ layer the location of the divide determines the potential migration
pathways (i.e., within each layer, contamination beneath Building 3001 has limited
potential to migrate to the north or east via the groundwater pathway). In general,
groundwater south of the divides flows to the south-southwest; groundwater north of the
divides flows to the north.

Although the locations of the LSZ groundwater divides indicate that some movement
of groundwater off base to the north via a “stair-step” phenomenon is possible, analytical
data from wells on base and off base indicate that it is unlikely this occurred. A large
TCE plume and several small plumes of chlorinated solvents and metals have been
identified south of the groundwater divides. Only spotty hits of contamination have been
identified north of the groundwater divides.

2.5.3 Production Zone Flow

The groundwater flow direction within the production zone (layer 11) is variable at
the base, but is primarily to the south-southwest in response to pumping at base water
supply wells. Layer 11 contoured water levels are shown in Figure 2.10. However, there
are no water supply wells which influence PZ flow in the northeast corner of the base,
and flow is primarily to the south. More detailed descriptions of flow within this zone
are provided in the RI (Parsons ES, 1998) and Battelle (1995) reports.

2.6 SUMMARY OF REMEDIAL INVESTIGATION

The following is a brief summary of the remedial investigation (RI). More complete
information on the methods and results of the investigation can be found in the RI report
(Parsons ES, 1998).

Field work was conducted from May 1994 through August 1995. Geophysical logging,
downhole video inspections, and groundwater sampling were performed on twelve
private wells. Four 200-foot soil and rock cores were obtained in four different locations
of the conceptual model area. Twenty-one monitoring wells and twelve piezometers
were installed. A total of 152 monitoring wells were sampled. Two stream gaging
stations, six streambed piezometers, and eight staff gages were installed. Between July
1994 and August 1995, monthly measurements were obtained at the six existing and the
two newly-installed stream gaging stations along with the six streambed piezometers and
eight staff gages. Bi-monthly measurements were made in 176 wells between December
1994 and June 1995. Thirty-three additional wells were gaged in December 1994 and
April 1995. One aquifer pumping test was performed in the USZ and two in the LSZ.
Four soil samples were collected from one location and forty-five sediment
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samples were collected from nine locations. Field sampling data were incorporated into
the conceptual model to establish the current understanding of groundwater occurrence
and migration.

The geological and geophysical data collected from the private wells, coreholes, and
monitoring wells were incorporated into the conceptual model to define the subsurface
stratigraphy. The data from the stream investigations, well measurements, and aquifer
pumping tests were then used to define the hydrostratigraphic layers within the
conceptual model area. Data collected during the RI augmented the eleven-layer
conceptual model described in Section 2.5.2. As described above, the six water-bearing
units consist of one layer (layer 1) in the USZ, four layers in the LSZ (layers 3, 5, 7, and
9), and one layer (layer 11) in the PZ. Groundwater elevation contour maps depict a
major groundwater divide in all LSZ layers in a location generally between the
northeastern portion of the base and Interstate 40.

Results of the aquifer pumping tests confirm the presence of vertical gradients across
the study area; however, the LSZ appears to be hydraulically separated from the
overlying USZ and the underlying PZ by confining shales. Prolonged pumping of the
USZ was not possible due to low aquifer yield and a limited saturated thickness;
however, step drawdown results and recovery analyses indicate a hydraulic conductivity
of 2.3 ft/day (8.1 x 10-* cm/sec) in the USZ. Water level monitoring during pumping of
the LSZ wells indicated that layers of the LSZ are vertically connected. The average
hydraulic conductivity value for the upper LSZ is 5.17 ft/day (1.8 x 10-3 cm/sec), with an
average aquifer storativity of 0.03, an average leakance coefficient of 0.11, and a
calculated vertical hydraulic conductivity of 1.16 ft/day (4.1 x 10™* cm/sec) in the
aquitard. The average hydraulic conductivity for the lower LSZ is 6.08 ft/day (2 x 103
cm/sec), with an average aquifer storativity of 1.7E-04, an average leakance coefficient
of 0.48, and an average vertical hydraulic conductivity of 8.7E-03 ft/day in the aquitard.
Effects of the Building 3001 groundwater recovery/remediation system were quite
noticeable, particularly during the lower LSZ pumping test. No pumping tests were
performed in the PZ to discern if there is vertical communication across the shale
confining bed separating the LSZ and the PZ. However, available information indicate
that it appears that the PZ is not in direct communication with the overlying LSZ, at least
in the Building 3001 and IWTP/Soldier Creek area. The confining shale layer separating
the LSZ and the PZ is over 20 feet thick. The head difference between the wells installed
in the LSZ and PZ is over 70 feet, indicating that the shale layer is a good confining bed
with low permeability.
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the benzene contamination associated with the private well are likely due to the local
UST source.

The IWTP/SCOBGW OUs RI (Parsons ES, 1998) presented the plume maps for
TCE, PCE, 1,2-DEC, VC, chromium, and nickel. Comparatively, TCE plumes were the
largest among all the contaminants in all the layers. Thus, TCE plumes are used as an
indicator and are reproduced as Figures 2.11 to 2.14 which correspond to layer 1 through
layer 7. There were no contaminants exceeding MCLs in layer 9 monitoring wells, and
there were no plumes. For the PZ, i.e., layer 11, the TCE plume exceeding MCL of
5 ug/L is located to the west side of Building 3001; there is no plume underneath the
IWTP/SCOBGW OUs focused area, and the plume map is not reproduced here. In
reference to Figure 2.2 which shows the focused study area, Figures 2.11 to 2.14 indicate
that the plumes of Building 3001 and of the IWTP/SCOBGW OUs are mingled and
coalesced.

In addition to the groundwater contamination migration pathway, the surface water
to groundwater pathway was evaluated. The potential for infiltration of surface water to
groundwater was evaluated in three ways: (1) the evaluation of groundwater elevation
contours, (2) the calculation of stream discharge based on stream stage measurements,
and (3) the evaluation of streambed permeability. Groundwater elevation contours
indicate that Soldier Creek is potentially losing water on base.

Streambed permeability data indicate that streambed sediments consist primarily of
low permeability shales which are unlikely to allow significant amounts of flow.
However, discharge data indicate that most segments of Soldier Creek lose water to
evapotranspiration in summer.

Contamination levels and types in creek sediment and groundwater neighboring
wells were compared to further evaluate the possibility that past releases of contaminants
to the creek could have contaminated groundwater. High levels of chlorobenzene and jet
fuel components were found in sediment samples near the IWTP outfall which is located
along one of the aquifer recharge zones in East Soldier Creek. Low levels of TCE and
PCE have been detected in the groundwater in off-base wells located adjacent to the
creek. It should be noted that the contaminants found in these wells did not match the
contaminants found in sediment. Although previous on-base sediment removal actions
have reduced much of the source in this area, a potential existed for the past migration of
contaminants from Soldier Creek to the LSZ due to leaching. PAH contamination has
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been documented in sediment samples collected north of I-40 along West Soldier Creek
but not upstream from 1-40 near the base’s spill control sluice. There is no definite plume
extending north and east of the base along the creeks, but only spotty, low levels
(generally below MCLs) of contamination were detected in off-base areas.

2.7 SUMMARY OF RISK ASSESSMENT
2.7.1 Selection of Wells and Sampling Data

The groundwater monitoring wells for the baseline human health and environmental
risk assessment were selected based on the three major aquifer zones (USZ, LSZ, and PZ)
and the location of the LSZ groundwater flow divides. Based on these features, five well
groups within the conceptual model area were designated for risk assessment. These well
groups are referred to as conceptual model well groups and are shown in Figure 2.15.

The locations of the groundwater divides within the LSZ were evaluated using
monthly water level measurements collected during February 1995. Use of water level
measurements taken during the February time frame is appropriate because this was the
same time frame in which the monitoring wells were sampled. (Monitoring wells
selected for the risk assessment were sampled in February and March 1995.) The divides
for each LSZ layer were overlain to determine the southernmost extent of the divides.
For purposes of the risk assessment, the southern extent of the divides is referred to as the
“groundwater flow boundary,” representing the predominant boundary of LSZ flow back

towards the base. The location of the groundwater flow boundary is also shown in
Figure 2.15.

Monitoring wells north of the groundwater flow boundary were selected for
inclusion in the risk assessment because of the potential migration pathways discussed
above (potential “stair-step” effect due to lateral movement of groundwater within layers
and vertical movement across layers). One conceptual model well group was designated
for LSZ groundwater north of the groundwater flow boundary.

Monitoring wells south of the groundwater flow boundary were selected for
inclusion in the risk assessment because of the potential for movement of contaminants
from Building 3001 or the IWTP; potential influence by water loss from Soldier Creek;
and potential leakage of USZ groundwater along the USZ margin. For LSZ and USZ
groundwaters south of the groundwater flow boundary, three conceptual model well
groups were designated. Monitoring wells located in the former Kimsey Addition were
grouped separately from monitoring wells located east of East Drive, and USZ and LSZ
groundwater in each of these areas were also grouped separately.
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One conceptual model well group was also designated for the PZ monitoring wells.
These wells were included in the risk assessment due to the potential for contaminants to
leak through discontinuous shale layers.

Based on the hydrological interpretation for designation of the five conceptual model
well groups, chemistry data from a total of ninety-seven wells were carried through the
baseline risk assessment. Table 2.1 lists the individual wells within each well group and
the rationale for well group selection. Rationale for wells not selected for risk assessment
are also given. In summary, the five well groups include:

1) Sixteen LSZ monitoring wells south of groundwater flow boundary (within the
former Kimsey Addition). Area of LSZ is upgradient from Building 3001;
represents an area where potential contamination may have resulted from the
leakage of USZ water (along margin) into the LSZ.

2) Three USZ monitoring wells south of groundwater flow boundary (within the
former Kimsey Addition). Well TOB-5B is downgradient from Building 3001,
while TOB-6B and TOB-10B are upgradient (see Figure 2.4); TOB-5B
represents a possible area for leakage of USZ water (along margin) into the LSZ.

3) Twenty-four LSZ monitoring wells south of groundwater flow boundary (east of
East Drive). Area may be potentially influenced by water loss from Soldier
Creek, and/or flow from the IWTP area.

4a) Fifty-two LSZ monitoring wells north of groundwater flow boundary. Location
of layer 3 divide in the IWTP area resulting in groundwater flow to the north,
and possible infiltration of surface water to groundwater from influent areas of
Soldier Creek.

4b) Subgroup of forty-six LSZ monitoring wells north of groundwater flow
boundary. Wells were evaluated as a subgroup based on evidence of off-base
sources of contamination near and upgradient of two well clusters (six wells).

5) Two PZ monitoring wells representing base water supply. Wells may be
potentially contaminated due to leakage of contaminants through discontinuous
shale layers, and/or a possible fracture component of groundwater flow.

28 SUMMARY OF HUMAN HEALTH RISK ASSESSMENT
RESULTS

The human health risk assessment is completed (Parsons ES, 2000); results are
available and are described in this section. For each conceptual model well group,
carcinogenic and noncarcinogenic risks were estimated for each of the chemicals of
potential concern and potential exposure pathways (ingestion of chemicals in
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groundwater used as drinking water, dermal contact with contaminants in groundwater
while showering, inhalation of volatiles from groundwater while showering, and
ingestion of contaminants in homegrown fruits and vegetables following irrigation with
groundwater).

The overall results of the human health risk assessment showed reasonable
maximum exposure (RME) estimates of cancer and/or noncancer risk exceeding
acceptable EPA health protective thresholds (1.0E-04 and 1.0, respectively) in three of
the five conceptual model well groups. The well groups with the exceedances were the
three LSZ well groups:

e The sixteen LSZ wells in the former Kimsey Addition;

e  The twenty-four LSZ wells east of East Drive;

e  The group of fifty-two LSZ wells north of the groundwater flow boundary; and
e  The subgroup of forty-six wells north of the groundwater flow boundary.

For the USZ wells (three wells in the former Kimsey Addition) and the PZ wells, RME
risk estimates fell below both the lower bound of the acceptable risk range (1.0E-06) and
the noncarcinogenic health-protective threshold (1.0).

2.8.1 Contaminants of Concern

Tables 2.2 through 2.5 present the chemistry data for each of the conceptual model
well groups. The complete analytical results from the remedial investigation are in the RI
report (Parsons ES, 1998). The qualitative comparison criteria included local base and
regional background levels (Parsons ES, 2000; ODEQ, 1995; USGS, 1993), and
numerical water quality levels, including maximum contaminant levels (MCLs) (EPA,
1995b) and Oklahoma drinking water regulations and groundwater quality standards
(BNA, 1994). MCLs are enforceable standards which apply to public drinking water
systems. These standards are based on allowable lifetime exposure in drinking water for
an adult, but also reflect the technical and economic feasibility of removing the
contaminant from the water supply. Similar to the federal MCLs, the Oklahoma State
drinking water regulations are enforceable standards which apply to public water
systems. The state groundwater quality standards are used to identify contaminated
groundwater, but are not considered to be enforceable by the state.

Figure 2.16 shows the locations of the wells where concentrations of contaminants
were estimated to contribute most to the unacceptable cancer risk or noncancer hazard
index (HI). Only the wells with elevated levels of contaminants that contributed most to
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Table 2.1. Rationale for Selection of Wells and Conceptual Model Well Groups for Risk Assessment.

Wells
Well Location Retained or
Conceptual Model Well Numbers Relative to Excluded in Rationale for Well Selection
Well Group Base Boundary | Baseline Risk
Assessment*

16 LSZ Monitoring Wells, 1-116 A,B,C On base Yes Wells are located within residential area at northeastern base boundary (north of
South of Groundwater Flow TOB-1 AR, C On base industrial area of the base).
Boundary, Kimsey Addition TOB-3 AR, B, C Off base Potential for current and future use of water as a private/community water
(wells represent layers TOB-4 A,BR,C On base source. However, low probability of exposure because the majority of
3,5,7,and 9) TOB-5 A, CR On base private/community wells in the area are closed and alternate sources of water are

TOB-6 A,C On base available.

TOB-10 CR On base Groundwater possibly influenced by (1) potential for contaminants to have
moved into the area due to past on-base industrial activities; and (2) potential
leakage of USZ water (along margin) into the LSZ. (Contaminants from the
former off-base paint shop may also occur in the area.)

LSZ wells selected for risk t are on the fringes of or just outside of the
Building 3001 50-year capture zone (the area that will contribute water to the
system over a 50-year period) and within the containment zone (the area that
will contribute water beyond the 50-year period).

Northward flow limited by the groundwater flow divides and the topographic
high (north of the IWTP), and the Building 3001 extraction system. Thus, most
groundwater expected to move back towards the base and extraction system.

TOB-1 B On base No TOB-1 B was dry; no data available.

TOB-10 AR On base TOB-10 AR was obstructed and could not be sampled. (Well had previously
been referred to as TOB-10 A.)

3 USZ Monitoring Wells, TOB-5B On base Yes Wells are located within residential area at northeastern base boundary (north of

South of Groundwater Flow TOB-6 B On base industrial area of the base).

Boundary, Kimsey Addition TOB-10B On base Potential for current and future use of water as a private/community water

(wells represent layer 1) source. However, low probability of exposure because (1) the majority of
private/community wells in the area are closed; (2) alternate sources of water are
available; (3) the USZ is predominantly found on base and is not used as a water
source (e.g.. low yield and naturally high chloride and sulfate levels); and
(4) private wells primarily withdraw water from the upper elevations of the LSZ
(although possible that some private wells may be screened at more shallow
depths than the LSZ).
Groundwater possibly influenced by (1) potential for contaminants to have
moved into the area due to past on-base industrial activities; and (2) potential
leakage of USZ water (along margin) into the LSZ. (Contaminants from the
former off-base paint shop may also occur in the area.)

24 LSZ Monitoring Wells, 1-49 AR, B, C On base Yes Wells are located within an industrialized area on base, adjacent to the

South of Groundwater Flow 1-50 AR, BR, CR On base northeastern base boundary.

Boundary, East of East Drive 1-51 AR,B,C On base Potential for future use of water. However, low probability of exposure because

(wells represent layers 3, 5, 7, 1-53A,B,C On base the majority of private/community wells in area are closed and alternate sources

and 9) 1-59 AR, CR On base of water are available.

1-68 A,B.C On base Groundwater possibly influenced by (1) some potential for flow from the IWTP

21 AR.C,D On base area through well clusters 1-49, 1-50, 1-51, 1-33, and 1-39; (2) water loss from

22 A,B,DR,ER On base Soldier Creek (area is downgradient from creek); and (3) movement of USZ
water into LSZ.

Northward flow limited by the groundwater flow divides and the topographic
high (north of the IWTP), and the Building 3001 extraction system.

TOB-18 AR, B, CR Off base No TOB-18 and 19 well clusters are hydraulically upgradient of the base and

TOB-19A,B,C Off base Soldier Creek.

23 A,BR On base Wells 23 A and BR are hydraulically upgradient of Soldier Creek.

3 USZ Monitoring Wells, 1-59B On base No The USZ is within the base boundary within this area. USZ not used as a base

South of Groundwater Flow 19 BR On base water supply (e.g., low yield and naturally high chloride and sulfate levels).

Boundary, East of East Drive 21 BR On base Also, because alternate sources of water are available from surrounding
municipal water supplies, unlikely that a future water well for drinking or other
domestic purposes would be placed in the USZ.
Area represents potential environmental concerns due to leakage of USZ water
to Soldier Creek via man-made conduits or discontinuities in the upper shale.
However, this potential is evaluated under other investigations (Woodward-
Clyde, 1994, 1995, 1996).

20 BR On base No Well was dry; no data available.

2 Production Zone 1-50 DR On base Yes Wells potentially contaminated due to the slight potential for leakage of
Monitoring Wells 1-11D On base contaminants through the discontinuous overlying shale layers.

(wells represent layer 11)

Current and potential future use of water.
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Table 2.1. continued

Wells
Well Location Retained or
Conceptual Model Well Numbers Relative to Excluded in Rationale for Well Selection
Well Group Base Boundary | Baseline Risk
Assessment*
52 LSZ Monitoring Wells, 1-52A,B,C On base Yes Slight potential for contaminant migration to the area: (1) potential lateral
North of Groundwater Flow 1-71A,B,C On base movement of groundwater within layers and vertical movement across layers;
Boundary 1-81 A,B,C Off base (2) location of layer 3 divide in the IWTP area allowing potential flow to the
(wells represent layers 3, 5, 7, 1-82A,B,C Off base north; and (c) infiltration of surface water to groundwater from influent areas of
and 9) 1-83A,B,C Off base Soldier Creek.
1-84 A,B,C Off base Potential current and future use of water as a private/community water source.
1-85A,B,C Off base However, low probability of exposure because the majority of
1-86 A,B,C Off base private/community wells in the area are closed and alternate sources of water are
1-87A,B,C Off base available.
TOB-2 A,B,CR On base
TOB-8 A, CR Off base
TOB-9 A,C Off base
TOB-11 A, B,CR Off base
TOB-12 A, B,CR Off base
TOB-13 A,BR,C Off base
TOB-15 A, B,CR Off base
TOB-16 A, B, CR Off base
TOB-20 AR, B, CR Off base
46 LSZ Monitoring Wells, North 1-52A,B,C On base Yes Subgroup of the 52 wells (listed above); thus, same rationale for the slight
of Groundwater Flow Boundary I-711A,B,C On base potential for contaminant migration to the area. Also, same criteria for low
1-81A,B,C Off base potential for exposure.
Subgroup of the 52 wells 1-82A,B,C Off base Wells evaluated as a subgroup in the risk assessment based on evidence of
(listed above) 1-83A,B,C Off base off-base sources of contamination near and upgradient of two of the well clusters
1-84 A,B,C Off base included in the group of 52 wells (well clusters TOB-15 and TOB-16).
1-85A,B,C Off base Off-base sources of groundwater contamination found to be related to
1-86 A,B,C Off base gasoline/petroleum releases from four gasoline stations (two inactive) located at
1-87A,B,C Off base the intersection of S.E. 29th Street and Douglas Boulevard (ATSDR, 1995).
TOB-2 A,B,CR On base Possible, in the past, one (or more) of the gas stations was also a repair shop
TOB-8 A, CR Off base (i.e., chlorinated solvents may have been used for degreasing purposes).
TOB-9 A, C Off base Dry-cleaning facility near this intersection could also be a source for solvent
TOB-11 A, B,CR Off base contamination in the local vicinity.
TOB-12 A, B,CR Off base Groundwater contaminants historically associated with the off-base sources of
TOB-13 A,BR,C Off base contamination include: TCE; PCE; cis-1,2-DCE; 1,2-DCA (fuel additive); TPF:
TOB-20 AR, B, CR Off base total phenols; chlorobenzene; and BTEX constituents.
Off-base groundwater contamination in the area is disassociated from the base.
(1) no corresponding contaminant plume from Tinker AFB to this area; (2) area
is well north of the LSZ groundwater divides for all layers (layers 3, 5, 7, and 9);
and (3) Soldier Creek does not discharge to groundwater in this area; thus, the
creek is not a source of the groundwater contamination.
12 Residential Wells RW-1 Off base No Under the RI effort (Parsons ES, 1996a), 21 new wells were installed in the
RW-2 Off base vicinity of off-base private wells to be representative of groundwater in off-base
RW-3 Off base residential locations.
RW-4 Off base Significant organic contamination was found in only one private weli (RW-5).
RW-5 Off base Off-base sources of groundwater contamination identified near this well by the
RW-6 Off base Oklahoma Corporation Commission were related to the gasoline/petroleumn
RW-7 Off base releases from the four gasoline stations (ATSDR, 1995). RW-5 is east of one of
RW-8 Off base the gas stations; groundwater flow is to the east-northeast from the gas stations
RW-9 Off base to the well (Parsons ES, 1996a).
RW-10 Off base
RW-11 Off base
RW-12 Off base
40 Monitoring Wells Associated 1-1 A,BR On base No Includes wells or well clusters associated with Building 3001, including wells
with Building 3001 1-10 AR, BR, CR On base located within the Building 3001 capture area (1-11, 1-60, 1-64, 1-70, 19, 20,
1-11 A,BR,C On base 34, 35) and/or wells evaluated in the Building 3001 risk assessment (1-1, 1-10,
1-60 A, B, CR On base 1-11, 19, 20, 34, 35). **
1-64 A,B,C,D On base Clusters 1-75 and 1-76 are northwest of Building 3001 and associated with
1-70A,B,C,D On base Building 3001 contamination; 1-75 is located at boundary of capture zone.
1-75A,B,C,D On base Clusters 1-64 and 34 were used for water level ts only; no chemistry
1-76 A,B,C On base data collected.
19A,CR,D On base
20A,C,D On base
34 A,B,CR,DR On base
35A,BR,C,D On base

*  Some wells selected for risk

t (within the Kimsey Addition neighborhood and within the IWTP area) are within the Building 3001 capture zone,

but were selected for other reasons (see rationale for these well groups). In these arcas, wells were selected near the periphery of the capture zone.
Wells not selected for risk assessment are listed as a separate group of wells or following the group of wells in which they are most closely associated

(e.g., located within the same general area as a group of wells or sharing similar hydrologic features as a group of wells).
**  COE, 1988. Risk Assessment of the Building 3001 Site, Tinker Air Force Base, Oklahoma (fina! report). U.S. Army Corps of Engineers, Tulsa District.

Installation Restoration Program, Project No. WWYK 86-311. August 1988.
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Table 2.3 Concentration Values (Detected Concentrations or Sample Quantitation Limits)
for Twenty-four LSZ Monitoring Wells South of Groundwater Flow Boundary (East of East Drive)*

Location 1-49AR 1-49B 1-49C 1-50AR 1-50BR 1-50CR 1-51AR 1-51B 1-51C 1-53A 1-53B 1-53C
Sample Collection Date 3-11-95 3-12-95 3-11-95 3-13.95 3-13-95 3-13-95  3/12/1995 3/12/1995 3/12/1995 3/12/1995 3/12/1995 3/12/1995
LSZ Layer 5 3 7 5 3 7 5 3 7 5 3 7
Concentration Units ng/L ug/L ug/L ug/L ug/L ng/L pg/L ng/L ug/L pg/L pg/L ug/L
Volatiles
Benzene <1 <3 <1 9 5 <1 2 <l 0.99 <l <1 <l
Bromodichloromethane <3 <8 <3 <15 <8 <3 <6 1.1 <3 <3 <3 <3
Carbon tetrachloride NA NA NA NA NA NA <6 <3 <3 <3 <3 <3
Chlorobenzene 4 <8 <3 580 250 24 260 <3 200 <3 <3 <3
Chloroform <3 <8 <3 <l1s§ <8 <3 <6 4 <3 <3 <3 1
Chloromethane NA NA NA NA NA NA <20 <10 <10 <10 <10 <10
1,2-Dichlorobenzene 2 <8 <3 240 6 1.3 61 <3 22 <3 <3 <3
1,3-Dichlorobenzene <3 <8 <3 7 <8 <3 1.8 <3 2.5 <3 <3 <3
1,4-Dichlorobenzene <3 <8 <3 84 6 <3 35 <3 22 <3 <3 <3
1,1-Dichloroethane 1.8 4 <3 40 14 <3 56 <3 23 <3 <3 <3
1,2-Dichloroethane <1 <3 3 <5 <3 <1 <2 <1 <1 <1 <1 <1
1,1-Dichloroethene 2.7 18 <3 17 27 <3 3.1 <3 <3 <3 <3 <3
ciy-1,2-Dichloroethene 55 23 36 850 340 8 190 <3 11 <3 <3 1.7
trans-1,2-Dichloroethene 1.2 <8 1.6 11 <8 <3 2.7 <3 <3 <3 <3 <3
1,2-Dichloropropane 1.7 <8 <3 25 <8 <3 25 <3 <3 <3 <3 <3
Methylene chloride NA NA NA NA NA NA 22 <3 <3 <5 <5 <5
Tetrachloroethene 8 330 4 75 37 <3 21 <3 <3 <3 <3 <3
Toluene NA NA NA NA NA NA <6 <3 <3 <3 <3 <3
1,1,1-Trichloroethane <3 26 <3 <15 19 <3 <6 <3 <3 <3 <3 <3
Trichloroethene 4 51 37 380 16 4 56 <3 4 <3 <3 1.9
Trichloroflucromethane <3 <8 <3 <15 <8 <3 <6 <3 <3 <3 <3 <3
Vinyl chloride <2 <5 <2 610 150 <2 64 <2 16 <2 <2 <2
Xylenes NA NA NA NA NA NA <6 <3 <3 <3 <3 <3
Semivolatiles
Bis(2-ethylhexyl)phthalate NA NA NA NA NA NA <10 <10 <10 <10 <10 14
2-Chloronaphthalene <10 <10 <10 <10 10 <10 NA NA NA <10 <10 <10
1,2-Dichlorobenzene 2 <10 <10 380 7 <10 89 <10 31 <10 <10 <10
1,3-Dichlorobenzene <10 <10 <10 10 <10 <10 3 <10 3 <10 <10 <10
1,4-Dichlorobenzene <10 <10 <10 110 8 <10 49 <10 27 <10 <10 <10
Fluoranthene NA NA NA NA NA NA <10 <10 <10 <10 <10 <10
Naphthalene NA NA NA NA NA NA <10 <10 <10 <10 <10 <10
Pentachlorophenol <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Pesticides
Aldrin NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
alpha-BHC NA NA NA NA NA NA <0.01 <0.0t <0.01 <0.01 <0.01 <0.01
beta-BHC NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.0t
gamma-BHC 0.09 <0.01 NS <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
4-4-DDD NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
4-4'-DDE NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
4-4'-DDT NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dieldrin < 0.01 <0.01 NS <0.01 <0.01 <0.01 <0.01 <0.0! <0.01 <0.01 <0.01 <0.01
Endosulfan I NA NA NA NA NA NA <0.0! <0.01 <0.01 <0.01 <0.01 <0.01
Endrin NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Heptachlor <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0! <0.01
Heptachlor epoxide NA NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Metals
Arsenic <S5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Barium 660 79 940 1300 400 740 1100 140 1400 1300 400 810
Beryllium NA NA NA NA NA NA NS NS NS NS NS NS
Cadmium <5 <5 <5 3 <5 <5 <5 <5 <5 <5 <5 <5
Chromium (total) 7 48 <20 <20 <20 <20 <20 14 <20 10 14 <20
Chromium VI NA NA NA NA NA NA <60 <60 <60 <60 <60 <60
Copper NA NA NA NA NA NA <20 <20 <20 <20 <20 <20
Lead NA NA NA NA NA NA <5 <5 <5 <5 <5 23
Nickel 24 350 <20 140 62 9 31 <20 59 12 180 6
Selenium <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Silver NA NA NA NA NA NA <20 <20 <20 <20 <20 <16
Thallium NA NA NA NA NA NA NS NS NS NS NS NS
Zinc <10 <10 <10 <9 <8 <12 <10 <10 <10 <10 <10 <15

*  Value shown is either the detected concentration or the SQL (shown as < value).
NS - No sample.
NA - Not available
- Highlights contaminants in groundwater samples which were detected at concentrations
above the sample quantitation limit.
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Table 2.3 (cont.) Concentration Values (Detected Concentrations or Sample Quantitation Limits)

f for Twenty-four LSZ Monitoring Wells South of Groundwater Flow Boundary (East of East Drive)*
Location 1-59AR 1-59CR 1-68A 1-68B 1-68C 21AR 21C 21D 22A 22B 22DR 22ER
Sample Collection Date 3-12-95 3-12-95 2-25-95 2-25-95 2-25-95 2-25-95 2-25-95 2-25-95 2-28-95 2-28-95 2-28-95 2-26-95
LSZ Layer 5 7 7 5 9 5 7 9 5 3 5 7
Concentration Units ng/L png/L png/L pg/L ng/L pg/L pg/l pg/L ug/L pg/L ug/L pg/L
Volatiles
Benzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Bromodichloromethane 19 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Carbon tetrachloride NA NA NA NA NA NA NA NA NA NA NA NA
Chlorobenzene 2 14 <3 <3 <3 <3 <3 <3 <3 <3 73 <3
Chloroform 57 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Chloromethane NA NA NA NA NA NA NA NA NA NA NA NA
1,2-Dichlorobenzene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 21 <3
1.3-Dichlorobenzene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 093 <3
1.4-Dichlorobenzene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 10 <3
1,1-Dichloroethane 4 <3 19 <3 <3 1.6 <3 <3 <3 <3 1.8 <3
1,2-Dichloroethane <1 3 <l <1 <1 <l <1 <1 <l <1 1.6 <1
1,1-Dichloroethene 2 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
cis-1.2-Dichloroethene 12 8 32 <3 <3 10 <3 <3 <3 <3 51 <3
trans-1.2-Dichloroethene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
1,2-Dichloropropane [ <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Methylene chloride NA NA NA NA NA NA NA NA NA NA NA NA
Tetrachloroethene 5 <3 <3 <3 <3 36 <3 <3 <3 <3 <3 <3
Toluene NA NA NA NA NA NA NA NA NA NA NA NA
11,1-Trichloroethane <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Trichloroethene 7 13 3.1 <3 7 <3 60 <3 <3 <3 2.8 29 <3
Trichlorofluoromethane <3 <3 <3 <3 <3 1.3 <3 <3 <3 <3 <3 <3
Vinyl chloride <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 38 <2
Xylenes NA NA NA NA NA NA NA NA NA NA NA NA
Semivolatiles
Bis(2-ethylhexyl)phthalate NA NA NA NA NA NA NA NA NA NA NA NA
2-Chloronaphthalene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
1,2-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 22 <10
1,3-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10 < 10 <10 <10
1.4-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 9 <10
Fluoranthene NA NA NA NA NA NA NA NA NA NA NA NA
Naphthalene NA NA NA NA NA NA NA NA NA NA NA NA
Pentachlorophenol <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 1
Pesticides
Aldrin NA NA NA NA NA NA NA NA NA NA NA NA
alpha-BHC NA NA NA NA NA NA NA NA NA NA NA NA
beta-BHC NA NA NA NA NA NA NA NA NA NA NA NA
gamma-BHC <001 <0.01 NS NS NS NS NS NS NS NS NS NS
4-4'-DDD NA NA NA NA NA NA NA NA NA NA NA NA
4-4-DDE NA NA NA NA NA NA NA NA NA NA NA NA
4-4'-DDT NA NA NA NA NA NA NA NA NA NA NA NA
Dieldrin 0.02 <0.01 NS NS NS NS NS NS NS NS NS NS
Endosulfan | NA NA NA NA NA NA NA NA NA NA NA NA
Endrin NA NA NA NA NA NA NA NA NA NA NA NA
Heptachlor < 0.01 <0.01 NS NS NS NS NS NS NS NS NS NS
Heptachlor epoxide NA NA NA NA NA NA NA NA NA NA NA NA
Total Metals
Arsenic <5 <5 <5 <5 <5 <5 6 44 <5 <5 4 <5
Barium 44 1220 580 100 670 800 630 520 580 370 760 1000
Beryllium NA NA NA NA NA NA NA NA NA NA NA NA
Cadmium <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Chromium (total) 920 <20 <20 <20 <20 9 <20 <20 <20 17 <20 <20
Chromium VI NA NA NA NA NA NA NA NA NA NA NA NA
Copper NA NA NA NA NA NA NA NA NA NA NA NA
Lead NA NA NA NA NA NA NA NA NA NA NA NA
Nickel 7 7 <20 <20 <20 <20 <20 <20 <20 10 <20 <20
Selenium 34 35 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Silver NA NA NA NA NA NA NA NA NA NA NA NA
Thallium NA NA NA NA NA NA NA NA NA NA NA NA
Zinc <10 <10 <99 <83 <79 12 11 8 <10 <8 <10 < 10

*  Value shown is either the detected concentration or the SQL (shown as < value).
NS - No sample.
NA - Not available
- Highlights contaminants in groundwater samples which were detected at concentrations
above the sample quantitation limit.
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Table 2.4 Concentration Values (Detected Concentrations or Sample Quantitation Limits)
for Fifty-two LSZ Monitoring Wells North of Groundwater Flow Boundary*

Location 1-52A 1-52B 1-52C 1-71A 1-71B 1-71C 1-81A 1-81B 1-81C 1-82A 1-82B
Sample Collection Date 3-12-95 3-12-95 3-12-95 2-24-95 2-24-95 2-25-95 2-22-95 2-22-95 2-22-95 2-10-95 2-11-95
LSZ Layer 5 3 7 7 3 9 7 5 9 7 5
Concentration Units pg/L pg/l pe/L pg/l pg/L pg/l pg/L pg/L pg/l pg/l pgL
Volatiles
Benzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Bromodichloromethane <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Carbon tetrachloride <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Chlorobenzene 4 <3 1.9 <3 <3 <3 <3 <3 <3 <3 <3
Chloroform <3 <3 <3 <3 <3 <3 11 <3 <3 <3 <3
Chloromethane <10 <10 <10 <10 <10 <10 25 <10 <10 <10 <10
1,2-Dichlorobenzene <3 <3 11 <3 <3 <3 <3 <3 <3 <3 <3
1,3-Dichlorobenzene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
1.4-Dichlorobenzene 11 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
1,1-Dichloroethane 2.1 <3 1.2 <3 <3 <3 <3 <3 <3 <3 <3
1,2-Dichloroethane <1 <1 0.92 <1 <1 <1 1 <1 <1 <1 09
1,1-Dichloroethene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
cis-1,2-Dichloroethene <3 <3 5 <3 <3 <3 49 <3 <3 <3 <3
trans-1,2-Dichloroethene <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
1,2-Dichloropropane <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Methylene chloride <$ <S5 <5 <5 <$ <35 <5 <5 <5 <5 <5
Tetrachloroethene <3 <3 1.6 <3 <3 <3 <3 <3 <3 <3 <3
Toluene <3 <3 <3 <3 <3 <3 <3 <3 0.9 <3 <3
1,1,1-Trichloroethane <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Trichloroethene 23 <3 5 <3 2 <3 53 <3 <3 <3 1
Trichlorofluoromethane <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Vinyl chloride <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Xylenes <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Semivolatiles
Bis(2-ethylhexyl)phthalate <10 <10 <10 <10 <10 <10 <10 <13 <10 <10 <10
1,2-Dichlorobenzene 1 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
1,3-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
1,4-Dichlorobenzene 1 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Fluoranthene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Naphthalene <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Pentachlorophenol <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Pesticides
Aldrin <0.01 <0.01 <0.01 NS NS NS <001 <0.01 <0.01 <0.01 <0.01
alpha-BHC <0.01 0.04 <0.01 NS NS NS <0.0! <0.01 <0.01 <0.01 <0.01
beta-BHC <0.01 0.18 <0.01 NS NS NS <0.01 <0.01 <0.01 <0.01 0.0t
gamma-BHC <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 0.005 0.004 <0.01
4.4-DDD <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 <0.01 <0.01 <0.01
4,4-DDE <0.01 <0.01 <0.01 NS NS NS 0.006 <0.01 <0.01 <0.01 <0.01
4,4'-DDT <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 <0.01 <0.01 <0.01
Dieldrin <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 <0.01 0.007 <0.01
Endosulfan 1 <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 <0.01 <0.01 <0.01
Endrin <0.01 <0.01 <0.01 NS NS NS <0.01 < 0.0} <0.01 <0.01 < 0.0
Heptachlor ~ <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 <0.01 <0.01 <0.01
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